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CHAPTER 2 

PRELIMINARY 

DEFINITIONS 

AND 

RELATIONS 
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2.1 Soil as three phase system 

Soil mass a three phase system consisting of: 

(a) solid particles (grains) 

(b) water 

(c) air 

The voids space between soil particles is filled partly with water and partly with 
air, Fig 2.1 (a). In case of fully saturated soil, the voids are completely with 
water. The three soil constituents are mixed together forming certain soil 
structure. For calculation purpose, it is always more convenient to show these 
constituents in separate spaces, as shown in Fig. 2.1 (b). The total volume of soil 
(V) consists of: 
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(a) Volume of air (V a ) 

(b) Volume of water (V w ) 

(c) Volume of solids (V s ) 

The total volume of voids (V v ) is given by: 

Vv = V a + V w 

The total weight of soil (W) consists of: 

(a) Weight of water (W w ) 

(b) Weight of solids (W s ). 


2.2 Definitions 

2.21 water content: (w) jl' 

The water content (also called the moisture content) is defined as the ratio 
between the weight of water (W w ) and the weight of solids (W s ) in a given 
mass, i.e: 


w = 


Ww 

W s 


( 2 . 1 ) 


The water content is usually expressed in percentage: 
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w 


W 


w 


W c 


x 100 


( 2 . 2 ) 


2.2.2 Unit weight of solid mass: (Density of soil) 

(a) Bulk Density: (y b ) ajKII AitSSlI 

The bulk density of soil is defined as the total weight of soil mass (W) per unit 
of its total volume (V), i.e: 

W 

Tb= v .(2-3) 


(b) Dry Density: (y d ) kaUJI kali&ll 

The dry density is defined as the weight of solids (W s ) per init of total volume 
(V), i.e: 


Yd 



(2.4) 


(c) Saturated Density: (y sat ) 4il!Sll 

When the soil is fully saturated with water, its bulk density is called saturated 
density. Thus it is defined as the total weight of a saturated soil mass per unit of 
its total volume, i.e: 


Y sat • — 


W S at, 

V 


(2.5) 


(d) Submerged Density: (y sub .) 

When a soil mass is submerged under water its weight is reduced due to 
bouyancy. The upward force is equal to the volume multiplied by the density of 
water (y w ): 
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Ysub. ~ Ysat. 1 .(2-7) 

3 3 

The density of soil is generally expressed in gm/cm .or t/m units. It is 
considered as bulk density (also called unsaturated density) unless otherwise 
stated. Natural density is the bulk density of natural soil. It is generally taken as 
bulk density unless the soil in the filed is saturated or dry. 


2.2.3 Specific gravity: (G s ) ^jjjll 

The specific gravity of soil is defined as the ratio of the unit weight of soil solids 
to that of water, i.e: 


G s 



Yw 


(2.8) 


The specific gravity is therefore a dimensionless value. 


2.2.4 Void ratio: (e) 

The void ratio is defined as the ratio of the volume of voids to the volume of soil 
solids, i.e. : 


e 



(2.9) 


2.2.5 Porosity: (n) 

The porosity is defined as the ratio of the volume of voids to the total volume of 
soil, i.e. : 



( 2 . 10 ) 


The relationship between the porosity and void ratio is : 


e 

1 + e 


n = 


( 2 . 11 ) 
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Also: 


( 2 . 12 ) 


2.2.6 Degree of saturation: (S) £+2311 <*■. 

The volume of voids in a soil mass is generally occupied by water and air. The 
ratio between the volume of water and the volume of voids is called the degree 
of saturation, i.e. : 

S = ^ .(2.13) 

V 
v v 

The degree of saturation is also expressed as percentage, i.e. : 

S(%) = ^xl00 .(2.14) 

V v 

In a saturated soil where the voids are totally filled with water the degree of 
saturation S = 1 (or 100%). For dry soil S = 0. 

2.3 Functional relations 


Relations between soil parameters defined in Section 2.2 are given as follows : 


e x S = G s x w 
G s + e.S 

Yb =—---Yw 

1 + e 


Yd = 


1 + e 


•Y 


w 


Ysat. 


Gs e 
1 + e 


Yw 


G s -1 

Ysub. — “ -Yw 
1 + e 

Yb ~ Yd(l + w ) 


(2.15) 

(2.16) 

(2.17) 

(2.18) 
(2.19) 


( 2 . 20 ) 
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2.4 Examples 

(1) The weight of a partially saturated soil sample is 600 gm and its volume is 

3 

365 cm After oven drying the weight of the sample reduces to 543 gm. Taking 
the specific gravity 2.67, find the water content, void ratio and degree of 
saturation. If the sample is saturated with water without change of its volume, 
find the saturated density. 


Solution: 


w = 600 543 =0.105 = 10.5% 
543 

" Yb = Yd( 1 + W ) 

600 

■' Yb _ 365 
1.644 = y^(l + 0.105) 

Yd = 1.488 gm/cnr 3 


= 1.644 gm/cirf 


v Yd = 


1 


■Yw 


2.7 

1.488 =-xl 

1 + e 

e = 0.795 
e-S = G s • w 
(0.795) S = 2.67(0.105) 
S = 0.353 = 35.3 % 


Ysat. - 
Ysat. - 


G s +e 


Yw 


1 + e 
2.67 + 0.795 
1 + 0.795 


x 1 = 1.93 gm/cnr 


* (.** aII 



u'jji 


_ T 

t 600 



G s = 2.67 
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3 

(2) The bulk density of a soil sample is 1.97 gm/cm and its water content is 
20.6 %. Taking the specific gravity 2.65, find the void ratio and degree of 

3 

saturation. Draw the 3-phase diagram taking V s = 1 m . Check, the value of 
void ratio. 

Solution: 


0.076 



1.622 



(a) 

Yb=Yd( 1 + w ) 
1.97 = y d (l + 0.206) 


7^=1.633 gm/crrf 


Yd = 


1.633 


Gs 


1 + e 
2.65 


Yw 


1 + e 

e = 0.622 


xl 


v e • S = G s .w 
0.622xS = 2.65x0.206 


S = 0.877 = 87.7% 


(b) 

To complete the 3-phase diagram 

V s =l m 3 
W s =2.65 t 

W w =2.65x0.206=0.546 t 
W = 2.65+0.546= 3.196 t 


V = 3.196+1.97 = 1.622 m~ 
V v = 1.622-1 = 0.622 


V w = 0.546 nr 


V a =0.076 nr 3 
0.622 

e =-= 0.622 (O.K.) 


1 
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(3) The bulk and dry densities of a soil sample are 1.77 and 1.5 t/m3, 

respectively. If the degree of saturation is 60 %, what will be the specific gravity 

3 

and porosity. Draw the 3-phase diagram taking V = 1 m . Check the obtained 
values of specific gravity and porosity, then calculate the quantity of water 
added per unit volume for full saturation (without change of volume). 



Yb = Yd C 1 + w) 
1.77 =1.5 (1 + w) 
w = 0.18 


v e • S = G s .w 
e x 0.6 = G s x 0.18 


••• Yd = 


G 


1 + e 
0.6 


Yw 


e x 

1.5= 018 

1 + e 

e = 0.818 


xl 


G 


s 


= 0.818 (-^-) 
0.18 

= 2.73 


e 

n =- 

1 + e 


_ 0.818 
11 " 1 + 0.818 


0.45 


45 % 


V = 1 m 3 
W = 1.77 t 


W s =1.50 t 

W w =1.77-1.50 = 0.27 t 
V w = 0.27 m 3 


V v = 


0.27 

~oI 


0.45 


V s =1-0.45 = 0.55 nr 

1.50 „„„ 

G s =-= 2.73 


n 


0.55 
0.45 


1 


= 0.45 = 45% 


AW w =0.45-0.27 = 0.18 t 
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3 

(4) An earth embankment is to be compacted to a dry density of 1.84 t/m . The 

3 

bulk density and water content of the borrow pit are 1.77 t/m and 8 %, 
respectively. Calculate the volume of excavation in the borrow pit which 

3 

corresponds to 1 m of the embankment. 

Solution: 



In transporting soil from the borrow pits to the embankment, the weight of the 

3 

solids remains unchanged. Solving the shown 3-phase diagrams for 1 m of the 
embankment, we have: 



V 

L 

2 



"T" 

1.84 

* i 

f 



t 

0.147 

1 - 

1.84 


▲ 

1.987 


For embankment : 

V = 1 m 3 
W s = 1.84 t 
For borrow pits : 

W s =1.84 t 

W w = 1.84x0.08 = 0.147 t 
V 2 =1.987 = 1.77 =1.12 m 3 
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2.5 Problems 

(1) The porosity of a soil sample is 33 % and its specific gravity is 2.68. 

Calculate the void ratio, dry density, bulk density for 46 % degree of saturation, 

3 

and saturated density. (Take water density = 1 gm/cm ) 

3 

(2) The bulk density of a soil sample is 1.85 t/m , and its specific gravity is 2.7. 
Calculate the void ratio assuming that 

(a) The sample is dry 

(b) The sample has a water content of 8.3 % 

3 

(Take water density = 1 t/m ) 

3 

(3) A soil has a bulk density of 1.93 t/m and water content of 44 %. Calculate 

3 

the water content, if the density reduces to 1.76 t/m without change of volume. 

(4) A soil sample has a void ratio of 0.81, degree of saturation of 84 % and 
specific gravity of 2.71. Calculate the bulk density and water content. What will 

be the water content at full saturation without change of volume. (Take water 

3 

density = 1 gm/cm ) 

3 

(5) A soil sample has a dry density of 1.55 t/ m . The porosity and water content 
are 42 % and 25 %, respectively. Calculate the specific gravity and degree of 

3 

saturation. (Take water density = 1 t/m ) 

3 

(6) The weight of a soil sample is 690 gm and its volume is 390 cm . When 38 
gm of water were added to the sample, without change of volume, its water 

content increased by 8 %. Calculate the saturated density and porosity. Take 

3 

specific gravity 2.7. (Take water density = 1 gm/cm ) 

3 

(7) The weight of a soil sample is 320 gm and its volume is 210 cm . The water 
content is 17 % and the specific gravity is 2.68. Draw the 3-phase diagram from 
which find volume of air voids, void ratio and degree of saturation. 


□ □ □ 
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